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ELEMENT FOR COMPOSITE STRUCTURAL MEMBER 

This invention relates to a structural element which 
can be formed from strip metal by a roll forming process, 
and which possesses high strength, being highly resistant to 
deflection under load and highly resistant to buckling and 
which may be used to form a composite structural member. 

This invention also relates to a bracket which can be 
used to form a joint between such composite structural 
members, and in particular relates to a bracket which has 
specific advantages in relation to load transfer. 

Reference can be made to an associated application , 
Australian Patent Application No. 69549/91, wherein a 
structural member is described which has better strength 
characteristics than previously known structural members, 
and was formed by springing together two generally "C" 
section members, each of which had a web with a pair of ribs 
extending along it, upper and lower main flanges terminating 
along their edges in sub- flanges directed towards each 
other, and each sub- flange terminates in a lip directed back 
towards the web. The lips of each component engaged 
respectively outer and inner surfaces of the ribs of the 
other component and that inhibited displacement of 
contiguous flanges and maintained a high moment of inertia 
which in turn inhibited excessive deflection of the member 
under load. 

Structural members made in accordance with that 
invention have been outstanding and have been successful 
commercially, and appear to be superior to any alternatives 
known to the applicant. 

One object of this invention is to provide still 
further improvements whereby the resistance to deflection 
and to buckling under load of a structural member are both 
substantially increased. This is enabled by use of 
corrugations in the web portion of a structural element used 
with a like element to form a structural member. When a 
structural member according to the aforesaid patent 
application is tested to destruction, the destruction would 
usually occur by buckling of both the webs and flanges, with 
premature separation of the flanges facilitating premature 
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failure- Premature failure is further facilitated by 
relative sliding of the flanges with respect to one 
another* This sliding does not reduce the section 
stiffness, but does affect its load carrying capacity. 

Another object of this invention is to provide 
improvements whereby a composite structural member formed by 
complementary structural elements can function like a box 
section, and inhibit premature failure. 

Extensive development and experimentation has taken 
place, and this invention has established a marked 
improvement over the aforesaid invention, in that this 
invention provides structural elements which combine to form 
a structural member of a specific configuration which 
resists horizontal shear, and also provides the webs with a 
configuration which resists buckling. Also the corrugations 
impart stiffness and strength to the web enabling use of 
thinner guage material for the profiled element. 

In one embodiment of the invention, a composite 
structural member comprises two similar section structural 
elements, each of which has a web, upper and lower main 
flanges, and sub- flanges, but in this embodiment the 
sub-flanges and webs are interengaged by short stakes or 
other fastening means to inhibit sliding due to horizontal 
shear forces, and the web is provided with transversely (or 
vertically) extending corrugations which resist the buckling 
forces, allowing use of a deeper section thin plate. If the 
corrugations in the webs terminate adjacent to the 
sub-flanges, they are sufficiently close to the bends 
between the webs and main flanges that failure at that 
locality is unlikely to occur, and since there is a double 
metal thickness in any case at that locality, the strength 
imparted by the composite structural member is very much 
superior and in the order of 25% to 30% better than has been 
achieved with the aforesaid prior art structural member. 

The invention, however, is not merely limited to the 
structure of the member, but also extends to a method of 
forming and fabricating a high strength structural member, 
wherein the webs r flanges and sub-flanges are preformed by 
roll forming processes. The two structural elements are 
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sprung together, and are subsequently staked by a plurality 
of stakes or other fasteners which can, for example, be 
inturned tabs pierced between dies at a staking station, or 
alternatively they may be pierced by piercing rollers during 
a further rolling process. 

Still further, the invention extends to a structure 
wherein two complementary high strength structural elements 
overlap in a side by side configuration and are retained in 
that configuration against displacement to provide a long 
beam, placing the convex portions of one web contiguous with 
the concave portions of the web of an adjacent structural 
element, and locking those webs together with locking means. 

In the broadest form of that aspect of the invention 
relating to the structural element the present invention 
comprises ; 

a profiled structural element for use with a 
complementary structural element of like profile to form a 
composite structural member; each profiled element 
comprising; a web, upper and lower main flanges separated by 
the web, a return on each of the upper and lower main 
flanges which forms a sub-flange, characterised in that the 
web is provided with transversely or vertically extending 
corrugations which provide increased resistance against 
buckling. 

In the broadest form of the method aspect the present 
invention comprises; 

a method of construction of a profiled structural 
element as herein described comprising the steps of: 

(a) folding a metal sheet of predetermined length and width 
to form a substantially channel shaped element, 

(b) either before or after the folding, forming 
corrugations in that part of the sheet which forms the 
web of the element, by either stamping or rolling. 

In another form of the method aspect, the invention 
comprises ; 

a method of construction of a profiled structural 
element as herein described, for use with a like profiled 
element to form a composite structural member, comprising 
the steps of: 
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(a) taking a metal sheet of a predetermined width and 
length, 

(b) bending the sheet by use of a series of rollers so as 
to form a substantially channel shaped member, 
comprising a web, upper and lower main flanges and a 
return on each of said upper and lower main flanges 
forming sub-flanges, 

(c) roll forming the channel member during or after its 
formation to form ribs in the sub-flanges, 

(d) forming corrugations before or after step (b) 
transversely or vertically in the web of the profiled 
element . 

In a further aspect of the invention, a bracket is 
provided which may be suitable for forming joints between 
composite structural members. Although this bracket will be 
specifically useful in relation to the composite structural 
member described herein, it should be realised that other 
structural members, tubular or otherwise, will also be 
suited to use with this aspect of the invention. 

One major difficulty with the use of any structural 
member, and in particular with hollow structural members, is 
the forming of joints between adjacent members. A typical 
example of this is in the formation of a roof truss. 

In the example of a roof truss, the various truss 
members join one another at a variety of angles. 
Conventional ly, some form of connector plate with fastening 
members is used to bridge a joint between the two structural 
members so as to form a joint. 

However, in relation to the structural member described 
in this application, the web of the beam section is 
relatively thin, and therefore unable to support any 
substantial load. Therefore, the use of overlapping plates 
is inappropriate, and other connection devices will result 
in a joint that is both costly and time consuming to produce. 

Therefore, it is a further object of this invention to 
provide a bracket which may be used for forming a joint 
between structural members which overcomes the 
abovementioned problems . 

In its broadest form, this further aspect of the 
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invention comprises a bracket having at least one side wall 
and a connector plate attached to the side wall f and at 
least one aperture formed between the side wall and the 
connector plate. 

Preferably, the bracket is a U-shaped channel having a 
pair of side walls and a connector plate between the side 
walls. In respect of the U-shaped channel, a pair of 
apertures may be formed at each intersecting edge between 
the connector plate and the side walls. 

In use, the bracket may be located over and then 
secured to a structural member such that there is a 
clearance between the side wall and the structural member. 
A fishplate may be inserted through the aperture and secured 
between both the bracket and the structural member. The 
joint may be finished by securing a structural member to the 
other end of the fishplate. 

Further, the clearance between the side wall and 
structural member may be sufficient to allow insertion of at 
least two fishplates so that more than one structural member 
may be joined at one particular point to another structural 
member . 

Preferably, the fishplate comprises a flat plate having 
a U-shaped bracket at one end which allows connection of the 
structural member within the U-shaped portion of the 
fishplate. 

The invention will now be described in more detail 
according to preferred but non limiting embodiments of each 
aspect of the invention and with reference to the 
accompanying illustrations wherein, 

Fig. 1 is a fragmentary side elevation of a composite 
structural member constructed according to this invention, 

Fig. 2 is an end view of Fig. .1, 

Fig. 3 is a fragmentary section taken on line 3-3 of 
Fig- 1, 

Fig. 4 is a view similar to Fig. 2 but drawn to a 
larger scale, 

Fig. 5 shows a piercing station for the piercing of 
stakes to join the webs to the sub-flanges, 
Fig. 6 is a side view of Fig. 5, 
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Fig, 7 is a top view of a die contained within the 
section, 

Fig. 8 shows the configuration of two overlapping 
structural members side by side retained together by a 
flange edge stiffener, 

Fig. 9 is a fragmentary view of a portion of Fig. 8 
showing the inter engagement of the corrugations of the 
contiguous webs near the ends of the two structural members, 
and 

Fig. 10 is a plan view and an end view which 
illustrates the configuration utilising the locking 
arrangement of Figs. 8 and 9, 

Fig. 11 shows a side elevational view of a joint formed 
between three structural members, 

Fig. 12 shows a cross-sectional view of Fig. 11, and 

Fig. 13 shows orthrographic views of a bracket used at 
the joint shown in Fig. 11 and Fig. 12. 

Referring first to Figs. 1 through to 4, there is shown 
a high strength structural member 11 which comprises two 
identical structural elements 12 which are roll formed and 
subsequently sprung together to form the configuration shown 
in Figs. 2 and 4. 

Each element 12 comprises an outer flange 13 with a 
return sub-flange 14 staked thereto by a plurality of stakes 
15 which in this embodiment are of generally triangular 
shape and are formed by piercing the webs and the 
sub-flanges to form flange edge stiffening means, although 
use can be made of alternative arrangements such as spot 
welding, intermittent welding, blind rivets or other 
fasteners • 

The sub- flanges 14 extend for only a short portion of 
the depth of the webs 17, one sub-flange terminating 
externally on one web and the other internally on the other 
web as illustrated r and these are staked as described below 
with respect to Figs. 5, 6 and 7. 

Each web 17 comprises a plurality of transversely or 
vertically extending corrugations 18 which may be 
triangular, rectangular, trapezoidal or of other shapes, but 
the preferred shape is the sinusoidal shape shown in Fig. 3 
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since it avoids sharp corners which can cause stress 
concentrations- The sinusoidal shape is best formed in the 
web by stamping. To avoid stress concentrations in the 
material in or around the corrugations, the corrugations may 
each be tapered so that the corrugations are deeper at the 
centre of the web. The corrugations will be seen to be 
formed intermediate the edges of the sheets from which the 
elements 12 are roll formed, so that there is ample metal 
beyond the ends of the corrugations for limiting distortion 
of the metal sheet, and in any case, such distortion is 
further limited by the roll forming of the flanges and 
sub-flanges. Further to that, it is important to note that 
the corrugations can be made to terminate adjacent the 
sub-flanges so that a load will have the effect of being 
transferred from the double thickness of flanges of elements 
12 and sub-flanges 14 directly to the top and bottom ends 
of the corrugations 18 in the configuration shown in Fig. 
4 . The corrugations may be configured according to 
parameters dictated by the thickness of the material. 
Ideally the corrugations have a wavelength within the range 
of 6 times to 80 times the thickness of the structural 
element material . The pitch is ideally within the range of 
2 times the thickness to 20 times of the material. The 
crest of each corrugation has a radius within the range of 5 
times to 10 times the thickness of the element material. 
Preferably the thickness of the material would fall within 
the range of 0.3 mm to 1.0 mm. The combination of the 
stakes 15 which inhibit sliding movement due to shear 
forces, and the corrugations 18 which inhibit buckling of 
the webs, create a very stiff and strong structural member. 

If the stakes are as shown, and there is no use of 
additional components such as fasteners, the formation 
requires some consideration and in this embodiment the 
stakes are formed as shown in Figs .5,6 and 7 at a staking 
station 20, wherein the assembled elements 12 are driven by 
rollers 21, six of which are shown above and six below a die 
back-up block 22 which is more specifically illustrated in 
Figs. 6 and 7, the die back-up 22 having upper and lower 
rollers 23 each of which is grooved at 24 to accommodate a 
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preformed rib 25 in the flanges 13. As shown, only one rib 
25 extends along each flange 13 but in larger structures 
more than one rib should be used. 

The rollers 21 and 23 have the function of maintaining 
the shape of section, and of progressing the assembled 
elements 12 over the die back-up block 22, the die back-up 
block 22 being retained in position by a tension rod 26. 

The triangular stakes 15 are formed adjacent to the 
upper and lower edges of the back-up block 22. Although as 
illustrated the stakes can be formed with a reciprocating 
die, they can alternatively be formed with rollers. In the 
second case, instead of there being six rollers at the top 
flange and six rollers at the bottom flange as illustrated, 
two of the rollers in each instance would be rotatable about 
vertical axes and would be provided with lancing or piercing 
projections. Desirably the stakes 15 are arranged to be 
alternately directed in opposite directions to provide 
maximum strength no matter which way the beam is oriented in 
a structure. 

Once the beams have been formed, the invention 
illustrated in Figs. 8, 9 and 10 can be used, wherein two 
structural members 11 are placed side by side over a 
supporting joist 28, with the outer surfaces contiguous, 
that is the convex portion 29 of the one member being placed 
in contiguity with the concave portion 30 of an adjacent 
member, and being locked together by a clamping plate 31 
which retains the interlock between the lapped adjoining 
sections. The clamping plate 31 prevents the two sections 
from moving horizontally apart when a vertical load is 
applied, thus utilising the conical shapes of the 
corrugation tops and bottoms as means of vertical load 
transfer. If alternative corrugation shapes are used, the 
corrugation ends can nevertheless be functional to transfer 
the load. The intermediate surfaces of the corrugations 
substantially reduce the tendency for longitudinal movement 
of the members with respect to one another so that to some 
extent at least the adjoining members can function as a 
continuous beam comprising two structural members joined in 
the manner described. If fasteners are used to secure the 
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clamping plate 31, it will be seen that each fastener will 
pass through the clamping plate and the two metal 
thicknesses at the flange edges of the beams. 

The results which have been achieved by utilising the 
above aspect of the invention are such that a stronger beam 
can be made of thinner material than any other roll formed 
beam otherwise known to the applicant. 

This aspect of the invention is not necessarily limited 
to the sequence of operations described above, and for 
example the corrugations 18 can be formed before or after 
the roll forming operations wherein the flanges and 
sub-flanges are roll formed to shape. 

Figs. 11 to 13 shows a bracket which is suitable for 
use in forming a joint between two or more structural 
members. In the examples shown in Figs. 11 to 13, the joint 
would be typically suitable for use in a roof truss. 

As shown in Figs. 11 and 12, the bracket 32 is a 
substantially U-shaped member having side walls 33 and a 
connection plate 34 . 

As is best seen in Fig. 13, a pair of apertures 35 are 
formed along a portion of the bracket 32 along the 
intersection between the side walls 33 and the connection 
plate 34. 

As can be seen in Fig. 12, there is clearance between 
the side walls 33 and the structural member 11. This 
clearance enables the fishplate connections 37 to locate 
through the apertures 35 between the side walls 33 and the 
structural member 11. Sufficient clearance is provided for 
a pair of fishplates 37 to locate in this clearance. 

The side walls 33 of the bracket have an edge portion 
38 extending inwardly with respect to the structural member 
11 which extend the length of the bracket 32. When the 
bracket 32 is located on the structural member 11 prior to 
fixing of the bracket 32, the edge portions 38 assist in 
locating the bracket on the structural member 11 thus 
allowing the fishplate connectors 37 to be slid into 
position through the apertures 35. The fishplate connectors 
37 are provided with U-shaped ends 40 which allow other 
structural members 11 to be secured to the fishplate 
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connector 37. 

In order to form the joint, once the bracket 32 and the 
fishplate 37 are in position, fasteners 42 may be located 
through the back (as is shown in Fig. 11). Self -tapping 
screws or rivets may be suitable for this application. As 
can be seen in Fig. 11, both the bracket 32 and the 
fishplate connectors 37 are secured to the structural member 
once the fasteners 42 are in place. 

A major advantage of using the bracket 32 in relation 
to the first aspect of the invention described in this 
specification is that the load applied to the bracket is 
transferred from the side walls or webs of the structural 
member to the flange portion of the structural member. This 
is particularly useful as the web portion of the structural 
member may be thin and therefore unable to support any 
substantial load. Further, the double plate of the flange 
subject to the first aspect of this invention does not 
provide ample support, and therefore there is significant 
advantage in the transfer of this load. 

A further advantage in this aspect of the invention is 
that the various structural members forming the joint may be 
positioned over a wide range of angles with respect to one 
another . 

Although the bracket subject of this aspect of the 
invention is particularly useful in relation to roll formed 
metal sections which are the subject of the first aspect of 
this invention, the bracket and its method of connection 
will be useful in respect of many types of structural 
members whether they be tubular or solid. 

It will be recognised by persons skilled in the art 
that numerous variations and modifications may be made to 
the invention as broadly described herein without departing 
from the overall spirit and scope of the invention. 
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The claims defining the invention are as follows: 

1. A profiled structural element for use with a 
complementary structural element of like profile to form a 
composite structural member; each profiled element 
comprising; a web, upper and lower main flanges separated by 
the web, a return on each of the upper and lower main 
flanges which forms a sub-flange, characterised in that the 
web is provided with transversely or vertically extending 
corrugations which provide increased resistance against 
buckling. 

2. A profiled structural element according to claim 1 
wherein each element is substantially channel shaped. 

3. A profiled structural element according to claim 2 
wherein, when a composite structural member is to be formed, 
the open faces of the channels are placed in opposition to 
each other then pressed together so that the upper and lower 
flanges overlap so that the convex portion of one web is 
contiguous with the concave portion of the web of an 
adjacent element. 

4. A profiled structural element according to claim 3 
wherein each of said sub-flanges are formed with a plurality 
of stakes which locate in corresponding apertures formed in 
the web of the complementary structural element when the 
structural member is formed. 

5. A profiled structural element according to claim 3 
wherein, when two elements combine to form a composite 
structural member the elements may be held together by means 
of spot welding, intermittent welding, blind rivets or like 
fasteners . 

6. A profiled structural element according to claim 4 or 5 
wherein each of the upper and/or lower flanges have formed 
therein at least one longitudinal strengthening rib. 

7. A profiled structural element according to claim 6 
wherein the said stakes or like fasteners inhibit or prevent 
movement of one element relative to the other such that the 
so formed structural member acts as a unitary member. 

8. A profiled structural element according to claim. 7 
wherein the corrugations in the web terminate at a 
predetermined distance from the sub flanges of that element 
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or at a point where the extremity of each of the sub-flanges 
of a complementary profiled element engages with the web. 

9 . A profiled structural element according to claim 8 
wherein the corrugations have a wavelength within the range 
of 16 times to 60 times the thickness of the element 
material . 

10. A profiled structural element according to claim 9 
wherein the crest of each corrugation has a radius within 
the range of 5 times to 10 times the thickness of the 
element material. 

11. A profiled structural element according to claim 10 
wherein the corrugations have a pitch within the range of 2 
times to 20 times the element material thickness. 

12. A profiled structural element according to claim 11 
wherein the thickness of the element material falls within 
the range of 0.3 mm to 1.0 mm. 

13. A profiled structural element according to claim 12 
when mated with a like profiled element , forms a member 
having the appearance and torsional characteristics of a box 
sectioned structural member. 

14 . A profiled structural element according to claim 13 
wherein the composite structural member so formed acts as a 
structural beam. 

15. A profiled structural element according to claim 14 
wherein the composite structural member so formed combines 
with like members to form a truss. 

16 . A profiled structural element according to claim 15 
wherein the structural element is made from aluminium or 
steel . 

17. A joining bracket for use with the composite structural 
member formed by the profiled elements as hereinbefore 
described, said bracket comprising; at least one sidewall, a 
connector plate attached to the sidewall, and at least one 
aperture formed between the sidewall and the connector plate. 

18. A bracket according to claim 17 wherein the bracket is 
a substantially U shaped channel having a pair of sidewalls 
and a connector plate between the sidewalls. 

19 . A bracket according to claim 18 wherein a pair of 
apertures are formed at each intersecting edge between the 
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connector plate and the sidewalls . 

20. A bracket according to claim 19 wherein, in use, the 
bracket is placed in a sleeve like manner over the 
structural member to which the bracket is to be connected 
such that a clearance remains between the sidewall and the 
structural member. 

21. A bracket according to claim 20 wherein a plate is 
inserted through the aperture and secured between the 
bracket and the structural member. 

22. A method of construction of a profiled structural 
element as herein described, for use with a like profiled 
element to form a composite structural member, comprising 
the steps of: 

(a) taking a metal sheet of a predetermined width and 
length, 

(b) bending the sheet by use of a series of rollers so as 
to form a substantially channel shaped member, 
comprising a web, upper and lower main flanges and a 
return on each of said upper and lower main flanges 
forming sub-flanges, 

(c) roll forming the channel member during or after its 
formation to form ribs in the sub- flanges, 

(d) forming corrugations before or after step (b) 
transversely or vertically in the web of the profiled 
element . 

23. A method according to claim 22 comprising the further 
steps of: 

(a) cutting the formed section to a predetermined length, 

(b) inverting the cut section over an internal mandrel, 

(c) rolling the section through a tool which pierces the 
web to form a plurality of stakes near the sub flanges 
at predetermined intervals enabling fastening of each 
sub flange to its adjacent web when a composite 
structural member is to be formed. 

24. A method according to claim 23 wherein the corrugations 
are formed by rolling or stamping. 

25. A method of construction of a profiled structural 
element as hereinbefore described comprising the steps of: 
(a) folding a metal sheet of predetermined length and width 
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to form a substantially channel shaped element, 
(b) either before or after the folding, forming 

corrugations in that part of the sheet which forms the 
web of the element, by either stamping or rolling. 

26. A method according to claim 25 comprising the 
additional step of passing the element through a rolling 
tool which pierces the web to form a plurality of stakes in 
the sub flanges at predetermined intervals. 

27. A method according to claim 26 wherein the stakes are 
formed with a reciprocating die. 

28. A method according to claim 27 wherein the stakes are 
staggered along the length of element. 
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